Introduction
Patients with metastatic soft tissue sarcomas (MSTS) have a poor prognosis with response rates to doxorubicin-based chemotherapy between 23 and 45% and a median overall survival (OS) of about 11.7-15 months [1] [2] [3] [4] . As single agents, doxorubicin, ifosfamide and dacarbazine were shown to be most active in soft tissue sarcomas (STS) with an overall response rate between 15 and 28% [5] [6] [7] [8] . For the combination of doxorubicin and ifosfamide, dose-dependent activities were shown [9, 10] . In a phase II trial of the EORTC Soft Tissue and Bone Sarcoma Group using doxorubicin 75 mg/m 2 and ifosfamide 5 g/m 2 , a response rate of 45% was reached leading to a median survival of 15 months [1] . This promising result could not be confirmed in a phase III trial with a response rate of only 23% and a median OS of 13 months [2] . The most recent EORTC trial in MSTS randomizes between doxorubicin 75 mg/m 2 and a dose-intensified combination (doxorubicin 75 mg/m 2 and ifosfamide 10 g/m 2 ) to answer the question whether combination chemotherapy provides a survival advantage over single-agent doxorubicin. As the use of hematopoietic growth factors allows safe escalation of dose, several regimes have been tested in patients with metastatic disease. These trials included small numbers of patients with a variety of bone sarcomas and STS [11] [12] [13] [14] . Furthermore, high-dose chemotherapy with autologous peripheral blood stem cell rescue (PBSCR) was performed in 18 patients with STS receiving doxorubicin and escalated doses of ifosfamide. The overall response rate was 50%, but OS was only 13 months [15] . In another series including 27 patients treated with epirubicin and ifosfamide, the overall response rate was 38% [16] . A French protocol used etoposide, cisplatin and ifosfamide in 30 patients with MSTS and while observing high renal toxicity, progression-free survival (PFS) was 21% at 5 years [17] . In order to better define the role of a similar regimen including ifosfamide, carboplatin and etoposide (ICE) with respect to both toxicity and efficacy, we performed a phase II trial in patients with MSTS responding to doxorubicin/ifosfamide induction chemotherapy supported by G-CSF (AI-G).
Patients and Methods

Patients' Eligibility
Patients between 18 and 60 years with histologically confirmed chemonaive MSTS of grade II and III with measurable disease were eligible for this phase II trial. Patients were required to have a good performance status (grade 0-2 according to WHO) and normal organ functions. Baseline eligibility criteria were normal blood counts (WBC 1 4,000/ l, platelet count 1 100,000/ l) and adequate renal (serum creatinine ! 1.5 mg/dl) and liver (serum bilirubin ! 1.5 mg/dl) function tests. Patients with a history of active cardiac disease, including myocardial infarction and congestive heart disease, were excluded from the study. Further exclusion criteria included histology of malignant mesothelioma, nonmesenchymal chondrosarcoma, neuroblastoma, chordoma, Kaposi's sarcoma and gastrointestinal stromal tumor, as well as a history of another malignancy, central nervous system involvement and prior radiotherapy on parameter lesions. The study was performed according to the guidelines established by the Helsinki Declaration. The protocol was approved by the Ethics Committee of the Ludwig Maximilian University, Germany (No. 93/97). Written informed consent was obtained from all patients enrolled onto this study.
Treatment
Induction chemotherapy consisted of doxorubicin 75 mg/m 2 as 30 min infusion on day 1 and ifosfamide 1.5 g/m 2 as 120 min infusion on days 1-4 (AI-G). Twenty-four hours after the end of chemotherapy, G-CSF was given subcutaneously at a dose of 5 g/kg body weight/day until neutrophil counts exceeded 3,000/ l. AI-G cycles were repeated on day 22. After 4 cycles, responding patients received 2 further cycles of AI-G chemotherapy with an increased dose of G-CSF (10 g/kg body weight/day). If more than 10 CD34+ cells/ l were found in peripheral blood, leukapheresis was performed to harvest at least 2 ! 
Staging Procedures and Treatment Evaluation
At enrollment, physical examination, full laboratory analysis of blood parameters, creatinine clearance and cardiac ultrasound were performed. Additionally, contrast-enhanced CT scan of chest and abdomen and, if needed, MRI of the site of disease were performed. During induction treatment, blood counts, physical examination and toxicity assessment were performed after each cycle of AI-G chemotherapy. After 4 cycles, all patients were evaluated for response according to WHO criteria by contrast-enhanced CT scans, MRI, or both, based on the extent of the disease defined at presentation [18] . Two independent investigators reviewed the files and films of all responding patients. Toxicity was evaluated according to the Common Toxicity Criteria [19] . Before the start of high-dose chemotherapy, possible infections were excluded and serological blood tests were taken. During follow-up, staging was repeated every 3 months in the first year and every 6 months thereafter.
The duration of response was measured from the start of induction treatment to the date of documented progression; the du-ration of complete response (CR) was calculated from the moment CR was documented to the first evidence of progression. PFS was measured from the date of treatment start to documented progression. Survival was calculated from the time of treatment start to the date of death.
The primary endpoint was PFS. Secondary endpoints were response to induction chemotherapy and OS.
Statistics
OS and PFS were estimated according to the method of Kaplan and Meier [20] . The 95% confidence intervals (CIs) of the KaplanMeier estimates were calculated with Greenwood's variances [21] .
The endpoints for actuarial analysis were PFS and OS. The comparison of survival parameters in responding versus nonresponding patients was performed using the log-rank test [22] . For all tests, p ! 0.05 was considered to be statistically significant.
This protocol was designed as multicenter, nonrandomized, controlled single arm phase II study with PFS as primary endpoint. Sample size estimation for patients with MSTS was performed for the improvement in PFS from 12 to 24 months by the log-rank test. The estimated response rate was 34% (23-45%). In case of 5.5 years of recruitment and 5-year follow-up, the required number was estimated as 53 patients ( ␣ = 5%, ␤ = 20%).
Results
Patients' Characteristics
Between April 1997 and December 2002, 55 patients with MSTS were treated according to the protocol. The study population consisted of 34 male and 21 female patients with a median age of 40.5 years (range 18.8-60.5 years). Details are shown in tables 1 , 2 .
Feasibility and Toxicity of Induction Chemotherapy (AI-G)
Forty-six patients (84%) received 4 induction chemotherapy cycles (AI-G) according to the study protocol. One patient refused further treatment after 1 cycle, 6 patients progressed after 2 cycles and 2 patients after 3 cycles. The median number of induction chemotherapy cycles given was 4 (range 1-4). Before high-dose chemotherapy, 21 patients were found eligible for PBSCR, 2 patients refused PBSCR.
During induction chemotherapy, nonhematologic toxicity was mainly mild, while no severe side effects (grade 3 and 4) were seen. The most frequent side effects were alopecia (grade 2) which was observed in all patients, and nausea (grade 1) which was seen in the majority of patients (70%). Hematologic toxicity was significant in terms of leukopenia (30% grade 3 and 15% grade 4) and thrombocytopenia which occurred in almost every patient during the induction treatment, but did not differ from previously published data for doxorubicin/ifosfamide chemotherapy combined with G-CSF [1] .
Response to Induction Therapy (AI-G), Stem Cell Collection and Surgery
All patients were evaluated after 4 cycles of AI-G chemotherapy. An objective response was observed in 21 (38%) of the 55 patients, including 3 CR and 18 partial responses (PR). No change was observed in 20 patients ( table 3 ) . All 21 patients with chemosensitive tumors received 2 additional cycles of AI-G followed by peripheral blood stem cell apheresis. Collection of peripheral blood stem cells was achieved for these patients with a harvest efficiency of at least 2 ! 10 6 CD34+ cells/kg body weight. During mobilization chemotherapy, none of the patients progressed. Before high-dose chemotherapy (HD-ICE), 4 patients underwent surgery. One patient had radical (R0) resection of his lung metastases. In 2 patients R0 surgery of their primary tumor could be obtained, and in 1 patient R1 resection of the primary tumor was achieved. Before the start of HD-ICE, 6 patients had no evidence of disease, 8 patients had only distant disease with no evidence of disease at the primary tumor site and 7 patients entered high-dose chemotherapy with persistent disease at local and distant sites.
Toxicity and Feasibility of High-Dose Chemotherapy (HD-ICE)
Of 21 patients responding to AI-G (3 CR and 18 PR), 19 patients received high-dose chemotherapy with PBSCR while 34 patients were not eligible for high-dose chemotherapy. Two patients being eligible for HD-ICE refused this treatment. HD-ICE as conditioning regimen was feasible and no death due to therapy occurred. The median number of infused mononuclear CD34+ cells was 6 ! 10 6 /kg body weight (range 2-12 ! 10 6 ). After HD-ICE chemotherapy, all patients experienced grade 3 or 4 neutropenia and thrombocytopenia ( table 4 ). The maximum anemia seen in the trial was of grade 3, as patients received packed red cells before the hemoglobin decreased below 7.5 g/dl. The median number of transfused packed red cell units during high-dose chemotherapy was 2 (range 0-4). The median duration of grade 4 neutropenia and thrombocytopenia was 9.3 (7-14) and 6.9 days (3-17), respectively. Due to severe thrombocytopenia (grade 4), 11 patients required a median of 2 platelet transfusions (range 1-5). Four patients suffered from severe pneumonia, which resolved after combined antibiotic treatment. Other infectious complications were mild, only fever of unknown origin with a median duration of 3.5 days (0-12) was observed. Mucositis was severe (grade 3) in 6 patients requiring infusion of morphine. Hepatotoxicity with elevation of bilirubin 1 3 ! N, most likely due to drug toxicity, was observed in 1 patient on day 1 after PBSCR, resolving spontaneously. At a median of 13 days after PBSCR, patients were discharged from hospital. Up to now, with a median follow-up of 30 months, no late toxicity like myelodysplasia, leukemia or solid tumors were seen.
Relapse and Survival
After a median follow-up time of 30 months, the median time to progression for the entire study group of 55 patients was 12 months (95% CI 8-15). The 2-and 5-year PFS rate estimated according to Kaplan-Meier was 18% (95% CI 8-28) and 7% (95% CI 0-8), respectively ( fig. 1 ) . In an intent-to-treat analysis including all 21 patients responding to AI-G induction therapy, the 2-year PFS for patients allocated to HD-ICE (n = 21) was 32% (95% CI 12-52) compared to 9% (95% CI 0-18) in patients being treated with second-line chemotherapy after failure of AI-G induction (p = 0.0029). The median PFS for patients in the high-dose group was 16 months in contrast to the conventional treatment arm with a median PFS of only 7 months ( fig. 2 ) . The difference in probability of 5-year PFS in the high-dose group (n = 21) with 14% (95% CI 5-47) compared to the standard treatment arm (n = 34) with 3% (95% CI 0-9) was statistically significant (p = 0.003). One patient with neurofibrosarcoma and lung metastases being in PR after induction chemotherapy refusing HD-ICE died after 39 months due to progression of the lung metastasis, another being in CR after induction therapy and also refusing HD-ICE, died 13 months after the start of the study due to progressive disease. At present, 7 of the 21 responding patients are alive. The 5-year estimated OS rate of all patients is 12% with a median OS time of 22 months ( fig. 3 ). The probability of OS was not higher for patients responding (CR, PR) to induction chemotherapy compared to nonresponders. In an in- tent-to-treat analysis, the median OS for the patients being allocated to high-dose chemotherapy (n = 21) was 24 months versus 18 months for nonresponders to AI-G induction. There was no statistical difference in OS between patients with stable and progressive disease (p = 0.14). The estimated 4-year OS rate was 27% (95% CI 7-47) for the high-dose group and 5% (95% CI 0-11) for the conventional treatment arm. Estimated 5-year OS in the 2 groups did not reach the level of significance (p = 0.08; fig. 4 ).
Discussion
The objective of the present study was to investigate efficacy in terms of OS and PFS after HD-ICE and PB-SCR given as consolidation therapy in chemosensitive patients with MSTS. Therefore, HD-ICE was tested in a well-defined subgroup of patients experiencing CR or PR to AI-G chemotherapy. The design of our study is similar to a previously conducted study in 30 patients with advanced STS receiving high-dose chemotherapy consisting of ifosfamide, etoposide and cisplatin (VIC) [17] . The authors reported renal toxicity of grade 1 in 43% and grade 2 or higher in 20% of the patients using the VIC regimen. Replacing cisplatin by carboplatin in our HD-ICE regimen was favorable with no grade 2 nephrotoxicity observed. The hematologic toxicity of the HD-ICE regime was comparable to the VIC protocol in terms of duration of aplasia and number of required transfusions.
The OS rate in our present series at 2 and 5 years is 40 and 12%, respectively, compared to the reported OS and PFS rates at 5 years after high-dose chemotherapy based on the VIC regimen, i.e. 23 and 21%, respectively. In addition, the percentage of patients with CR before highdose chemotherapy was higher in the former series (27%) compared to our study population (6%). This is of major importance since the percentage of long-term survivors among patients with metastastic or advanced STS achieving a CR after conventional chemotherapy is a predictor of survival rates in a given series of patients [4, 12, 17, 23] . In a large series of the EORTC Soft Tissue and Bone Sarcoma Group including 2,185 patients with defined firstline chemotherapy, a performance status of 0, female gender and grade I histology were independent parameters correlating to 5-year survival besides achievement of a CR after first-line chemotherapy [24] . In our study, grade I tumors were excluded by definition of high-risk criteria while most of the patients presented at an initial performance status of 1. Furthermore, the majority of our patients were male. Also, the absence of liver metastases was shown to be associated with longer survival times in a multivariate analysis [24] . Our study comprised 12 patients with hepatic metastases explaining an adverse survival outcome.
The CR rate of 6% after AI-G induction was low and in our study 7 patients are alive, 3 without evidence of disease at 37+, 47+ and 84+ months, and 4 patients with disease at 22+, 30+, 37+ and 43+ months. One patient who did not qualify for high-dose chemotherapy due to lack of response to AI-G chemotherapy is alive. This patient was formally diagnosed as having a gastrointestinal stromal sarcoma which has meanwhile been reclassified as a gastrointestinal stromal tumor and is now responding to treatment with imatinib.
The present study was negative for its primary endpoint, i.e. PFS could not be prolonged from 12 to 24 months. For the entire study population PFS was only 12 months in accordance with previous reports and patients in the high-dose group showed only a slight improvement in PFS with 16 months. Comparing patients having received high-dose chemotherapy with those having received best second-line chemotherapy -although this non-randomized phase II study was not powered to answer this question sufficiently -reveals that OS does not seem to be improved by high-dose chemotherapy. Only PFS, which is a valid endpoint for phase II studies [25] was better for those patients receiving high-dose chemotherapy. It has to be stressed that it remains to be demonstrated in a phase III trial whether high-dose chemotherapy is able to improve survival of those patients who are in CR before high-dose chemotherapy. High-dose therapy has been evaluated more extensively in pediatric patients with Ewing's sarcomas, rhabdomyosarcomas and osteosarcomas. Also, in this patient group several studies conclude that high-dose chemotherapy does not significantly improve treatment outcome compared to conventional relapse therapy [26, 27] . Transplantation-related side effects and the threat of secondary malignant neoplasm after high-dose chemotherapy may complicate the future course of patients who are currently viewed as progression-free survivors [28] . Histological subtypes which might benefit from dose-intensified chemotherapy should be selected for high-dose chemotherapy strategies. Patients with peripheral primitive neuroectodermal tumors were found to have a superior PFS to patients with other histological sarcoma subtypes [29] . The concept of tandem high-dose chemotherapy, established for other tumor entities, should also be further studied for STS after first pilot studies have proved the feasibility of this approach in sarcomas [30, 31] . Our data raise the question whether high-dose chemotherapy and PBSCR or the intensified dose of ifosfamide (12 g/m 2 ) in the ICE regime is responsible for the long-term survival of these patients. As a large number of phase II trials showed only limited activity of several new agents in STS [32, 33] , a possible approach is to increase the CR rate to conventional chemotherapy by escalating the dose of drugs active against STS. The dosage of ifosfamide in our AI-G regimen was suboptimal with 6 g/m 2 . Meanwhile numerous trials have suggested a dose-response relationship for ifosfamide [2, 34] . In a previous trial it was shown that multiple cycles of dose-intensive therapy with high-dose ifosfamide can be administered safely, resulting in CR rates above 20% [15] . It is an open question whether the dose intensity of ifosfamide in our HD-ICE regimen alone warrants an advantage for patients with metastatic STS. We therefore plan a randomized phase III trial (high-dose ifosfamide vs. HD-ICE) with a larger sample size, to answer this question for patients with chemosensitive MSTS.
